Chronological changes of bisphenol A (BPA) concentration were investigated for a week in mature medaka (Oryzias latipes) and spawned eggs (embryo) after exposing the fish to BPA at a concentration of 100 µg/l in water. The BPA concentrations in mature fish and spawned eggs increased beginning at the day after initial exposure, and reached an approximately constant level on the second day. On the other hand, the decrease in BPA concentration in the parent body was rapid after being placed back into pure water (average decrease was 87% on the first day, and 98% on the second day), while approximately 24% of the BPA in the spawned eggs from the parents remained after the fourth day in pure water. Thus, it was assumed that there is no system for BPA excretion from eggs. Another experiment was conducted, in which eggs spawned from a parent on the fourth day of exposure were raised in pure water. The BPA concentration in the eggs on the sixth day was approximately 29% lower when compared to that at spawning. Therefore, it was assumed that the embryo cannot conjugate BPA incorporated into the egg due to an underdeveloped metabolic or excretion mechanism.
INTRODUCTION
Humans have long been releasing large amounts of various chemical compounds into the environ- * To whom correspondence should be addressed: Faculty of Environmental Studies, Nagasaki University, 1-14 Bunkyomachi, Nagasaki 852-8521, Japan. Tel.: +81-95-819-2753; Fax: +81-95-819-2716; E-mail: takao@nagasaki-u.ac.jp ment, and various wild creatures have been exposed to these chemical compounds. Among these chemicals, some have been reported not to be lethal at low doses, but it has now been suggested by many researchers that some chemicals affect reproduction by disturbing sexual differentiation. Such chemical compounds are called endocrine-disrupting chemicals (EDCs). [1] [2] [3] EDC activity evaluation has been conducted on various chemical compounds using fish. It has been confirmed that some chemical compounds, such as bisphenol A (BPA), [4] [5] [6] [7] [8] nonylphenol (NP) [9] [10] [11] [12] and octylphenol (OP), 10) exhibit activity, even at relatively low concentrations. As short-term experimental methods, sex reversal and reproduction tests have been conducted by exposing parent fish to chemical compounds in water. As experimental methods to observe long-term effects, partial life cycle and full life cycle tests have been conducted in order to clarify the effects of chemical compounds over several generations. 11, 13, 14) It is known that the influence of chemical exposure appears more significantly in juveniles and embryos during developmental stages than in mature parents; thus, several methods, such as exposing fry just after hatching 7, 8, [15] [16] [17] and exposing fertilized eggs, 6, 10, 11, [16] [17] [18] [19] [20] as well as microinjection into fertilized eggs, 21, 22) are also utilized. In a special case, artificially inseminated eggs were exposed. 23, 24) Most reports have adopted methods to observe biological influences, and thus have endpoints in biological outcomes, such as malformation, vitellogenin production levels as an indicator of male-to-female sex reversal, number of spawned eggs and hatching rate.
On the other hand, while a large number of biological experimental methods have been adopted, as described above, the number of studies that have examined the chemical compounds in fish 5, 8, 15-17, 25, 26) and eggs 16, 18) is relatively small, and those that have examined the concentration in eggs are particularly rare. Therefore, the present study conducted detailed investigations on a chemical compound by exposing parent medaka to BPA, and investigated the transfer from parent fish to the eggs, as well as excretion from the eggs after discontinuation of exposure.
MATERIALS AND METHODS
Reagents and Water --BPA was purchased from Kanto Chemical Co., Inc. (Tokyo, Japan). BPA-d 16 , which was used as an internal standard for analysis, was also purchased from Kanto Chemical. N,O-bis(trimethylsilyl)triflooroacetamide (BSTFA) which was used as a trimethylsilyl agent, was purchased from SUPELCO (Sigma-Aldrich, (St. Louis, MO, U.S.A.), MO, U.S.A.). Organic solvents were of residual pesticide test grade. Other reagents were of special grade, unless otherwise noted. Water for treatment prior to analysis was obtained through the Milli-Q purification system (Millipore Co., Billerica, MA, U.S.A.). Medaka and Rearing Conditions --The d-Rr strain of medaka (Oryzias latipes) was used, in which sex is easily distinguished, and is maintained by multi-generation breeding in our laboratory. The water for medaka rearing was obtained using a reverse osmosis (RO) water purification system (Kankyo Technos Co., Wakayama, Japan). One male fish and 2 female fish were placed into a 2-l beaker filled with RO water. For 1 week before initiation of the experiment, individuals that spawned eggs everyday were selected and used in the experiment. Twenty-two sets were prepared. Water temperature was kept at room temperature for 24 hr prior to use in experiments. Water was replaced every morning and no air was supplied. Water was kept at 25 ±1 • C with an air-conditioner and a water jacket. During the rearing period, fish were fed approximately 10% of their body weight in freezedried baby artemia in the morning and evening. The photoperiod was light 16 hr-dark 8 hr. Exposure Conditions --After changing the water in the morning, 0.1 ml of 20 ppm-BPA dimethyl sulfoxide (DMSO) solution was added to 2 l of water, followed by stirring, before the fish were transferred. The BPA concentration was 100 µg/l. In the control group, 0.1 ml of DMSO solution was added to the water.
Concentration levels of BPA in river water were reported by Crain et al. 27) to vary from 0.016 to 21 ppb. In this study, the level of exposure for the fish was set at 100 ppb, which is higher than environmental concentrations. If the exposure level was set at actual environmental concentrations, for example, 1 or 10 ppb, 10 or 100 times more fish would be required. If the aim of our study was an evaluation of the biological effects of BPA, the exposure level would be set at environmental concentrations; however, as we were examining the persistence of BPA in adult fish and eggs, the exposure level was set at 100 ppb. Measurement of BPA Concentrations in Water --Concentrations of BPA in water, fish and eggs were analyzed according to previous methods. 26) The pH of rearing water was adjusted to approximately 3 by adding 0.7 ml of 1 M HCl to a 100-ml sample. After 1.5 g of NaCl, 1 µg of BPA-d 16 , which is a surrogate compound, and approximately 5 ml of dichloromethane (DCM) were added, BAP in water was extracted by stirring for 30 min. This process was repeated twice. The collected DCM layers were dehydrated with anhydrous sodium sulfate. This was further concentrated to approximately 1 ml by evaporation under nitrogen gas. After approximately 200 µl of BSTFA was added, the sample was heated at 60 • C for 30 min for derivatization, and was subjected to GC/MS analysis. Measurement of BPA in Medaka and Eggs --Wet weights of selected fish and spawned eggs were measured after the moisture on the surface was removed. Samples were kept at −30 • C until analysis. Analyses were conducted on a whole fish or the eggs from 2-3 fish.
BPA levels in medaka were analyzed as follows. A whole medaka (0.369 ± 0.0828 g) was homogenized after addition of 1 µg of BPA-d 16 and 5 ml of methanol. Homogenized samples were subjected to centrifugation at 3000 rpm for 10 min, and supernatants were collected. This process was repeated twice. After 10 ml of hexane was added to the collected methanol fraction, the mixture was shaken foreggs, eggs from 2-3 fish (0.0274 ± 0.00748 g) were analyzed together using the above-mentioned procedures. For BPA concentration analysis, the number measured for both fish and eggs was 5 (n = 5). Upon completion of the experiment, surviving fish that were not used for BPA analysis were kept separately in an aquarium until they died. GPC Conditions --Because numerous compounds that contain the same fragment ions as BPA (they are assumed to be fatty acids) are present in fish, microanalysis of BPA is difficult. Such compounds cannot be completely removed in the above cleanup process using the silica-gel column. Therefore, size exclusion chromatography was conducted using a GPC column.
In the GPC cleanup process, a GF-310HQ column (300 mm × 7.6 mm i.d.; Shodex, Tokyo, Japan), and a guard column GF-1G7B (Shodex) were used with a mobile phase of 100% acetonitrile. The injection volume was 50 µl. Because the BPA fraction appears in approximately 15 min, fractions eluted before and after 2 min were collected. After water was added to the fractions, the BPA components were extracted by DCM. Subsequent steps from condensation to measurement were the same as those described above for water samples. GC/MS --The gas chromatography system was a Varian GC-3800. 
RESULTS AND DISCUSSION

Confirmation of Concentrations in Water
The BPA concentrations in the beaker while rearing medaka were analyzed 3 times daily; at 0, 12 and 24 hr. The results are shown in Fig. 1 . The concentrations in the water were a few % higher than the set concentration of 0.1 ppm. However, because the concentration was almost constant for 24 hr between water changes, this variation was not considered to affect the experiment. In the present study, RO water was used. However, when tap water, which was kept at room temperature prior to 
Chronological Changes in BPA Concentrations in Medaka and Spawned Eggs
In Fig. 2 , the chronological changes in BPA concentration in medaka for 7 days after the initiation of exposure and those after the fish was put back into pure water are indicated by open-circle plots (n = 5). Concentrations increased markedly from the day after exposure initiation, and maximum levels were observed on the 2nd day. On the 3rd and 4th days, the concentration decreased to approximately that of the 1st day, and then increased slightly again on the 5th and 7th days. Regarding the temporary decrease around the 3rd and 4th days, similar data has been reported in another study of fish exposed to BPA in water. 15, 26) The bioconcentration factor on the 7th day of the exposure was approximately 11. On the 4th day of the experiment, the BPA concentration in medaka reared in an aquarium without BPA (blank test) was measured. The BPA concentration in all individuals was below the detection limit (0.01 µg/g).
BPA concentration in medaka that were placed back into pure water after 1 week of exposure decreased by 87% on the 1st day, and 98% on the 2nd day. The rate of BPA decrease in the fish body was thus rapid.
The chronological changes in BPA concentration in the eggs spawned from these medaka are plotted with closed circles. Although the concentration in the eggs during the exposure period fluctuated similarly as observed in parent fish, the degree of fluctuation was smaller; thus, the concentration was stable. A constant level of BPA was present in the eggs from the day after exposure initiation.
On the other hand, the BPA concentration in the eggs spawned from the fish put back into pure water after 1 week of exposure showed a different pattern of chronological changes from the parent fish. Although BPA was almost completely eliminated from the parent fish on the 2nd day, that in the eggs decreased only by 28% on the 1st day after the fish were put back into pure water, by 50% on the 2nd day, by 65% on the 3rd day, and by 76% on the 4th day.
These results suggested that BPA incorporation into and excretion from adult fish are extremely rapid. The rate of BPA incorporation into spawned eggs was also extremely rapid. However, even after the BPA concentration in parent fish decreased, it was found that considerable levels of BPA remained in the eggs. Therefore, it is assumed that when BPA is incorporated into the eggs from parent fish, there is no mechanism to excrete the incorporated BPA from the eggs. Figure 3 shows the results of daily BPA measurement in the eggs spawned from the parents on the 4th day of exposure and placed in pure water. Although some variation was observed, it was found that the BPA concentration in the eggs decreased slightly after 6 days in pure water. For example, when the averages are compared, the concentration in the eggs on the 6th day in pure water decreased by only 29% from the 1st day. Based on these results, it was assumed that the embryo cannot metabolize the BPA that was incorporated into the egg due to 
BPA Concentration Change in Eggs in Pure Water
